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, Abstract—Background: Lung point-of-care ultrasound
(POCUS) is a critical tool for evaluating patients with dys-
pnea in the emergency department (ED), including patients
with suspected coronavirus disease (COVID)-19. However,
given the threat of nosocomial disease spread, the use of ul-
trasound is no longer risk free. Objective: Here, we review
the lung POCUS findings in patients with COVID-19. In do-
ing so we present a scanning protocol for lung POCUS in
COVID-19 that maximizes clinical utility and provider
safety. Discussion: In COVID-19 lung, POCUS findings are
predominantly located in the posterior and lateral lung
zones bilaterally. A six-zone scanning protocol that priori-
tizes obtaining images in these locations optimizes provider
positioning, and minimizes time spent scanning, which can
reduce risk to health care workers performing POCUS.
Conclusions: Lung POCUS can offer valuable clinical data
when evaluating patients with COVID-19. Scanning proto-
cols such as that presented here, which target clinical utility
and decreased nosocomial disease spread, must be prior-
itized. � 2020 Elsevier Inc. All rights reserved.
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INTRODUCTION

Lung point-of-care ultrasound (POCUS) is an invaluable
tool for assessing emergency department (ED) patients
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with dyspnea (1–3). Lung POCUS demonstrates a
higher sensitivity than chest x-ray study in detecting
pulmonary pathologies such as pleural effusion,
alveolar consolidation, pneumothorax, and interstitial
syndrome (3–7). Ultrasound also offers benefits over
computed tomography or magnetic resonance imaging,
given its low cost, ease of use, ability to offer real-time
data, and lack of radiation exposure. Streamlined proto-
cols aimed at differentiating etiologies of dyspnea using
POCUS are widely used in the ED, and often are consid-
ered standard of care (8).

COVID-19, the clinical illness caused by severe acute
respiratory syndrome-coronavirus 2 (SARS-CoV-2),
evolved into a global pandemic over a few short months
(9). COVID-19 exhibits a wide range of clinical presenta-
tions from asymptomatic to acute respiratory distress
syndrome (ARDS) (10). Given its value in assessing pul-
monary pathology, lung POCUS has evolved as an impor-
tant strategy to evaluate patients with suspected COVID-
19 (11–13). Among many challenges encountered during
this global crisis, maintaining the health and safety of
health care workers (HCWs) has been critical (14–16).
Properties of COVID-19 that put HCWs at risk of nosoco-
mial spread include human-to-human transmission via
respiratory droplets, and viral fomites, which can survive
020;
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Figure 1. Lung point-of-care ultrasound findings associated with coronavirus disease (COVID)-19 infections. Hyperechoic arti-
facts originating from the pleural, known as B-lines, are seen ranging from (A, red arrows) isolated to (B, white arrow) confluent.
(C) Pleural lines are often irregular (red box), and can be observed alongside (D, white asterisk) peri-pleural edema. (E) Subpleural
consolidations (red asterisks) are a hallmark of COVID-19 pneumonia and are often seen in the posterior, lateral, and inferior lung
zones.
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on surfaces for up to 72 h (17–19). Unfortunately, given
these properties, the time spent scanning potentially
infectious patients and the multi-use nature of ultrasound
machines makes POCUS a possible source of disease
spread for HCWs and patients.

Recognizing the dissonance between the clinical util-
ity of POCUS and the added risk of nosocomial spread,
emergency medicine and ultrasound professional organi-
zations have published guidelines outlining safe use of ul-
trasound in the setting of COVID-19 (12,20–22). These
guidelines, however, largely focus on equipment
disinfection, sterilization, and data sharing, while
providing few suggestions on best practice image
acquisition or scanning protocols. Here, we discuss the
typical findings of lung POCUS in cases of COVID-19,
Figure 2. Lung point-of-care ultrasound positioning and image acq
ease (COVID)-19. (A) In a patient positioned upright, the operator a
mize exposure risk. (B) Safe positioning can be similarly achieved
leading us to propose a focused six-zone examination
that prioritizes imaging acquisition from lung fields
where COVID-19 findings are most prevalent.

Lung POCUS in COVID-19

Lung POCUS findings most commonly associated with
COVID-19 include B-lines, which can be isolated or
diffuse, an irregular pleural line, sub-pleural consolida-
tions, and peri-pleural edema (Figure 1) (23,24). Findings
are typically bilateral and most prominent in the posterior
and lateral lung zones inferiorly (13,23–26). Pleural
effusions are rarely seen (27). COVID-19 pathologic
changes tend to be particularly amenable to assessment
by lung POCUS given their peripheral and peri-pleural
uisition for scanning patientswith suspected coronavirus dis-
nd machine should be positioned behind the patient to mini-
in a prone patient.



Figure 3. Anatomy and scanning technique for lung POCUS in patient with COVID-19. (A) Landmarks for scanning include the
inferior thorax at the level of the diaphragm (curved line), the spine (solid vertical line), the scapula (triangle), and the posterior
axillary line (dotted line). Lung position is outlined in blue. Lung zones to be scanned include the areas under the scapula border
known as the right posterior (RP) and left posterior (LP) zones. Laterally, landmarks include the posterior axillary line (dotted line)
to the anterior axillary line. Lateral lung zones to be scanned include the right lateral superior (RLs) and (B) right lateral inferior
(RLi), and on the left include the left lateral superior (LLs), and (C) left lateral inferior (LLi). (D) To obtain scans, position a linear
or curvilinear probe sagittal with probe marker cranially to the patient and slide the probe across the posterior surfaces of the
patient as shown by the blue arrows (i.e., lawnmower). Repeat this technique in the (E) right and (F) left lateral zones.
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location. As is also true for other viral or bacterial pneu-
monias, sonographic findings of COVID-19 can precede
radiographic findings (23,24,27).

Six-Zone Lung POCUS Scanning Protocol

Based on our concern for prolonged exposure during
scanning, we propose the following protocol. We recom-
mend positioning the patient sitting upright with the oper-
ator and machine positioned behind the patient at all
times (Figure 2A). This avoids direct exposure of the ma-
chine and provider to respiratory droplets produced by a
tachypneic patient. Additionally, upright positioning may
be more comfortable for many patients in acute respira-
tory distress, facilitating easier access to the posterior
lung fields. Awake prone positioning may prevent alve-
olar collapse, improve oxygenation, and in some cases
avoid intubation (28–30). A comparable positioning
approach to scanning can be taken in a prone patient
(Figure 2B). This positioning gives access to the regions
with most prominent imaging findings in COVID-19, and
thus represent the highest yield scans (23–26).

In an upright or proned patient, either a linear or curvi-
linear probe is used to locate the most inferior portion of
the patient’s hemithorax posteriorly by identifying the
pleural line adjacent to the diaphragm. The bilateral areas
from here to the inferior scapula border are known as
zones right posterior and left posterior (Figure 3A).
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With the transducer positioned sagittal and the probe
marker cranially, slide the probe back and forth across
the hemithorax between the posterior axillary line and
the paravertebral line up to the mid-scapular border
(i.e., lawnmower technique, Figure 3C). Avoid scanning
directly over the scapula, as it obscures views of lung tis-
sue. Once complete, use the lawnmower technique to
evaluate the area between the posterior and anterior axil-
lary lines starting at the most posterior and inferior point
of the thorax (Figure 3E and F). We refer to these lung
zones as lateral superior and lateral inferior zones on
the right and left, respectively (Figure 3B and C). This
protocol should be repeated on the contralateral hemi-
thorax, as COVID-19 most commonly demonstrates
bilateral findings.

DISCUSSION

Here we present a rapid protocol for performing lung PO-
CUS on patients with suspected COVID-19. Our protocol
focuses on a bilateral six-zone protocol emphasizing im-
age acquisition from the posterior and lateral lung fields.
This protocol maximizes both clinical utility and provider
safety when assessing patients with suspected COVID-
19. We argue that this focused protocol, which minimizes
time spent scanning and optimizes provider positioning,
decreases exposure risk for HCWs.

Classically, in a supine patient, a 12-point lung PO-
CUS including two anterior field zones, two lateral field
zones, and two posterior field zones bilaterally has been
used to evaluate dyspneic patients in the ED (8). This
approach also has been recommended by some for use
in patients with suspected COVID-19 (13). Recently, a
novel 14-zone lung scan, which, in addition to the 12-
zones above adds two zones located adjacent to the bilat-
eral scapulae posteriorly, has been described for patients
with suspected COVID-19 (27). Althought most findings
are found both posteriorly and laterally, no protocols have
advocated for a six-zone protocol. Our protocol not only
recommends placing patients sitting up or prone instead
of supine, it enables providers to have less scanning
time, thereby decreasing the risk of sustained exposure.

In addition to acquiring images from the posterior and
lateral lung fields, existing scanning protocols proposed
for use in patients with COVID-19 also describe assessing
the anterior lung fields for B-lines or subpleural consoli-
dations (13,27). Although we acknowledge that findings
consistent with COVID-19 can be observed anteriorly,
in particular, B-lines, we argue that scanning anteriorly
is often not needed to obtain clinically useful data.
Though appropriate personal protective equipment
should offer some reassurance, adding anterior lung fields
to scanning protocols in these cases confers additional
risk of exposure to the sonographer from being positioned
in front of an often tachypneic patient and from remaining
in the examination room longer than absolutely neces-
sary. Our protocol focuses on image acquisition from
the posterior and lateral lung fields where sonographic
findings of COVID-19 are most likely to be identified.
If lung POCUS using our protocol is negative but the pro-
vider still suspects pathology, then scanning anterior lung
fields may be necessary for diagnosis. In cases where
scanning anterior lung fields is deemed necessary, to
minimize exposure we recommend maintaining the pro-
posed positioning with the provider and machine placed
behind the patient, and the provider can carefully reach
around the patient to scan anterior lung fields bilaterally.

In our protocol, patient positioning is key to reducing
exposure to possible respiratory droplets. Upright posi-
tioning may be more comfortable for many patients in
acute respiratory distress, facilitating easier access to
the posterior lung fields. Further, placing patients in a
prone position has shown mortality benefit in cases of se-
vere non-SARS-CoV-2-related ARDS (31). Similarly,
awake proning in hypoxemic patients with COVID-19
may improve oxygenation, and in come cases avoid intu-
bation (28–30). Both of these patient positions will
optimize the operator’s ability to scan both the posterior
and lateral lung fields with less exposure to possible
respiratory droplets.

Limitations

Although lung POCUS can offer important data, which
can aid in clinical decision-making in cases of COVID-
19, there are limitations to this tool. Lung POCUS does
require a certain amount of operator experience and
training to perform, and in inexperienced hands can
lead to misinterpretation. Additionally, evidence corre-
lating POCUS findings with either diagnosis or prognosis
of COVID-19 is lacking. Thus, all lung POCUS findings
in patients with suspected COVID-19 must be correlated
with the clinical picture overall.
CONCLUSIONS

Although the ultimate scope of the COVID-19 pandemic
is unclear, taking steps to minimize health care-
associated spread is key to limiting its trajectory. As a
powerful tool for evaluating patients with acute dyspnea,
there certainly remains a role for lung POCUS in the cur-
rent clinical environment. However, given that lung PO-
CUS now confers potential risk to providers and
patients in the form of nosocomial disease spread, devel-
oping protocols and policies that minimize risk while
maximizing clinical utility are paramount.
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ARTICLE SUMMARY

1. Why is this topic important?
Lung point-of-care ultrasound (POCUS) is a critical

tool for evaluating patients with acute dyspnea in the
emergency department. Scanning now confers the risk
of putting physicians and subsequent patients at risk of
nosocomial spread of coronavirus disease (COVID)-19.
Standardized scanning protocols are needed to minimize
disease spread.
2. What does this review attempt to show?

This work reviews common lung POCUS findings in
COVID-19 and proposes a protocol for performing lung
POCUS on patients with suspected disease.
3. What are the key findings?

We propose a focused, easily reproduced scanning pro-
tocol that maximizes clinical utility in assessing patients
for possible COVID-19 while minimizing risk to the
physician performing the scan.
4. How is patient care impacted?

Using a focused scanning protocol will minimize time
spent in patients’ rooms, thus reducing risk of exposure.
This scanning protocol focuses on rapidly and accurately
identifying most common sonographic findings in
COVID-19, and adhering to recommended device decon-
tamination protocols will reduce risk of nosocomial
spread to subsequent patients.


